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m NKLRS PVNLPPELRR QRSGEVENNS DNSGRYQGLE HRGSEASPAL 

160 170 180 190 200 
PGLKLSADQV ALVYSTILGLC LCAVLCCFLV AVACFLJKKRG DPCSCQPRSR 

210 220 230 240 250 
PRQSPAKSSQ DHAMEAGSPV STSPEPVETC SFCFPECRAP TQESAVTPGT 

260 270 280 290 
PDPTCAGRWG CHTRTTVLQP CPHIPDSGLG IVCVPAQEGG PGA 

FIGURE 1 
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<— hinge ~> 

LC HC HC 

| I | 
218 I 222 | I 230 

wt Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro| 
Fc-488 . . Arg . Ser . . . . . . . . . . 1 

F04 . . Arg . Ser . . . . . . . . . . I 

FcS . . . . Ser . . . . . ] 

Fc6 . . . . Ser . . . . . . . . . { 

Fc7 . . . . . . . . . . . . . . I 

F08 . . . . Ser . . . | 

I 
234 235 237 245 

wt Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro 
‘Fe-488 . . . . . . . . . . . . . . . 

Fc4 . . . Ala Glu Ala . . . . . . . . 

Fc5 . . . Ala Glu . Ala . . . 

Fc6 . . . Ala Glu . Ala 

Fc7 . . . . . . 

Fc8 . . . 

CH2 — > 

260 
wt Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr 
FC-488 . . . . . . . . . . . . . 

F04 . . . . . . . . . 

FCS . . . . . . . . . 

Fc6 . . . . . . . . . 

Fc7 . . . . . . . . . 

Fc8 . . . . . . . . . 

275 
wt Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe 
F's-488 . . . . . . . . . . . . 

Fc4 . . . . . . . . . . . 

Fc5 . . . . . . . . . 

Fc6 . . . . . . . . . 

FC7 . . . . . . . . . 

Fc8 . . . . . . . . . 

Figure 3A 
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wt 
Fc-488 
FC4 
F05 
Fc6 
Fc? 
Fc8 

wt 
Fc-488 
Fc4 
FcS 
Fc6 
Fe? 
Fc8 

wt 
Fc-488 
F04 
FcS 
Fc6 
Fc'7 
F08 

May 31, 2011 

Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys 

297 
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290 
Lys 

0 . - - . 

305 
Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val 

. Gln 

Leu Thr Val 

‘ 

Leu His Gln Asp Trp Leu Asn 

330 
Cys Lys Val Ser Asn Lys Ala Leu Pro Ala 

- . - - v - . 

Figure 3B 

Ser 
Ser 
Ser 

- . . 

- ‘ a I 

320 
Gly Lys Glu Tyr Lys 

. ¢ - n . 

331 335 
Pro Ile Glu Lys Thr 

Ser . . . . 

Ser . . . . 

Ser . . . . 

. - . ~ 
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350 
wt Ile Ser Lys Ala LyslGly Gln Pro Arg Glu Pro Gln Val Tyr 'I'hr 
Fc-488 . . . . . | . . . . . . , . . . 

Fc4 . . . . I _ . . . . 

Fc5 . . . . . l . . . . . . . . 

F06 . . . . . l . . . . . . . . 

F07 . . . . I . . . . . 

F08 . . . . . I . . . . . . . 

<— CHZICH —> 

356 358 365 
wt Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu 
Fc-488 . . . . , . . . . . . . . . 

F04 . . . . . . . . . . . . 

380 
wt Th1: Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu 
Fc-488 . . . . . . . . . . . . 

F04 . . . . . . . . . . - 

E‘c6 . . . . . . . . . . . . . . . 

FC8 . . . . . . . . . . . . . . . 

395 
wt Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro 
Fc-488 . . > . . . . . . . . . . . 

F04 . . . . . . . . . . . 

FcS . . . . . . . . . . . 

Fc'7 . . . . . . . . . . . . . . . 

Fc8 . . . . . _ . . . . 

Figure 3C 
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wt 
Fc-488 
Fc4 

FcS 
Fc6 
Fc7 
F08 

wt 
Fc-488 
Fc4 
FcS 
F06 
Fc’7 
Fc8 

wt 

Fc-488 
Fc4 

FcS 
F06 
Fc'7 

Fc8 

wt 
‘Fe-488 
F04 
FcS 
F06 
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F08 
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410 
Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Lev. Tyr Ser Lys Leu 

Thr Val Asp Lys Ser Arg 

. 0 ~ - r 0 

. . - . 

431 
Ser Val Met His Glu Ala Leu His Asn 

. 

0 

446 
Leu Ser Leu Ser Pro Gly Lys *** 

Figure 3D 

425 
Trp Gln Gln Gly Asn Val Phe Ser Cys 

0 - . 

440 
His 'I‘yr Thr Gln Lys Ser 

~ 0 
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TACI-IMMUNOGLOBULIN FUSION 
PROTEINS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. Application Ser. 
No. 12/359,801, ?led Jan. 26, 2009, now US. Pat. No. 7,635, 
767, Which is a divisional ofU.S. application Ser. No. 11/242, 
294, ?led Oct. 3, 2005, now US. Pat. No. 7,501,497, Whichis 
a continuation of US. application Ser. No. 10/152,363, noW 
abandoned, ?led May 20, 2002, Which claims the bene?t of 
US. Provisional Application Ser. No. 60/293,343, ?led May 
24, 2001, each of Which are herein incorporated by reference. 

TECHNICAL FIELD 

The present invention relates generally to improved fusion 
proteins comprising a tumor necrosis factor receptor moiety 
and an immunoglobulin moiety. In particular, the present 
invention relates to improved TACI-immunoglobulin fusion 
proteins. 

REFERENCE TO A SEQUENCE LISTING 
SUBMITTED AS A TEXT FILE VIA EFS-WEB 

The of?cial copy of the sequence listing is submitted con 
currently With the speci?cation as a text ?le via EFS-Web, in 
compliance With the American Standard Code for Informa 
tion Interchange (ASCII), With a ?le name of 381 101seqlist 
.txt, a creation date of Oct. 23, 2009, and a siZe of 100 Kb. The 
sequence listing ?led via EFS-Web is part of the speci?cation 
and is hereby incorporated in its entirety by reference herein. 

BACKGROUND OF THE INVENTION 

Cytokines are soluble, small proteins that mediate a variety 
of biological effects, including the regulation of the groWth 
and differentiation of many cell types (see, for example, Arai 
et al., Annu. Rev. Biochem. 59:783 (1990); Mosmann, Curr. 
Opin. Immunol. 3:311 (1991); Paul and Seder, Cell 76:241 
(1994)). Proteins that constitute the cytokine group include 
interleukins, interferons, colony stimulating factors, tumor 
necrosis factors, and other regulatory molecules. For 
example, human interleukin-17 is a cytokine Which stimu 
lates the expression of interleukin-6, intracellular adhesion 
molecule 1, interleukin-8, granulocyte macrophage colony 
stimulating factor, and prostaglandin E2 expression, and 
plays a role in the preferential maturation of CD34+ hemato 
poietic precursors into neutrophils (Yao et al., J. Immunol. 
155:5483 (1995); FossieZ et al., J. Exp. Med. 183:2593 
(1996)). 

Receptors that bind cytokines are typically composed of 
one or more integral membrane proteins that bind the cytok 
ine With high a?inity and transduce this binding event to the 
cell through the cytoplasmic portions of the certain receptor 
subunits. 

Cytokine receptors have been grouped into several classes 
on the basis of similarities in their extracellular ligandbinding 
domains. For example, the receptor chains responsible for 
binding and/ or transducing the effect of interferons are mem 
bers of the type II cytokine receptor family, based upon a 
characteristic 200 residue extracellular domain. 

Cellular interactions, Which occur during an immune 
response, are regulated by members of several families of cell 
surface receptors, including the tumor necrosis factor recep 
tor (TNFR) family. The TNFR family consists of a number of 
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2 
integral membrane glycoprotein receptors many of Which, in 
conjunction With their respective ligands, regulate interac 
tions betWeen different hematopoietic cell lineages (see, for 
example, Cosman, Stem Cells 12:440 (1994); Wajant et al., 
Cytokine Growth Factor Rev. 10:15 (1999); Yeh et al., Immu 
nol. Rev. 169:283 (1999); Idriss and Naismith, Microsc. Res. 
Tech. 50:184 (2000)). 
One such receptor is TACI, transmembrane activator and 

CAML-interactor (von BiiloW and Bram, Science 228:138 
(1997); Bram and von BuloW, US. Pat. No. 5,969,102 
(1999)). TACI is a membrane bound receptor, Which has an 
extracellular domain containing tWo cysteine-rich pseudo 
repeats, a transmembrane domain and a cytoplasmic domain 
that interacts With CAML (calcium-modulator and cyclophi 
lin ligand), an integral membrane protein located at intracel 
lular vesicles Which is a co-inducer of NF-AT activation When 
overexpressed in Jurkat cells. TACI is associated With B cells 
and a subset of T cells. Nucleotide sequences that encode 
TACI and its corresponding amino acid sequence are pro 
vided herein as SEQ ID NOs: 1 and 2, respectively 

The TACI receptor binds tWo members of the tumor necro 
sis factor (TNF) ligand family. One ligand is variously des 
ignated as ZTNF4, “BAFF,” “neutrokine-ot, ” “BLyS,” 
“TALL-1,” and “THANK” (Yu et al., international publica 
tion No. WO98/18921 (1998), Moore et al., Science 285:269 
(1999); Mukhopadhyay et al., J. Biol. Chem. 274: 15978 
(1999); Schneider et al., J Exp. Med. 189: 1747 (1999); Shu et 
al., J Leukoc. Biol. 65:680 (1999)). The amino acid sequence 
of ZTNF4 is provided as SEQ ID NO:3. The other ligand has 
been designated as “ZTNF2,” “APRIL” and “TNRF death 
ligand-1” (Hahne et al., J. Exp. Med. 188:1185 (1998); Kelly 
et al., Cancer Res. 60: 1021 (2000)). The amino acid sequence 
of ZTNF2 is provided as SEQ ID NO:4. Both ligands are also 
bound by the B-cell maturation receptor (BCMA) (Gross et 
al., Nature 404:995 (2000)). The nucleotide and amino acid 
sequence of BCMA are provided as SEQ ID NO:26 and SEQ 
ID NO:27, respectively. 
The demonstrated in vivo activities of tumor necrosis fac 

tor receptors illustrate the clinical potential of soluble forms 
of the receptor. Soluble forms of the TACI receptor have been 
generated as immunoglobulin fusion proteins. Initial versions 
resulted in loW-expressing, heterogeneous protein. The het 
erogeneity Was observed at the TACI amino terminus, at the 
Fc carboxyl terminus, and in the TACI stalk region. A need 
therefore exists for pharmaceutically useful TACI receptor 
compositions. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides improved TACI-immuno 
globulin fusion proteins suitable as therapeutic compounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the amino acid sequence of human TACI 
(SEQ ID NO:2). The locations of the cysteine-rich pseudo 
repeats are indicated by shading, the transmembrane domain 
is boxed, and the stalk region is indicated by hash marks. 

FIG. 2 is a schematic diagram of an immunoglobulin of the 
IgG1 subclass. CL: light chain constant region; CH1, CH2, 
CH3: heavy chain constant regions; VL: light chain variable 
region; VH: heavy chain variable region; CHO: carbohydrate; 
N: amino terminus; C: carboxyl terminus. 

FIGS. 3A, 3B, 3C, and 3D shoW a comparison of the 
Wild-type human Y1 constant region Fc amino acid sequence 
(SEQ ID NO:71) With variants Fc-488, Fc4, Fc5, Fc6, Fc7, 
and Fc8. The C H1 domain of the human ylconstant region is 
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not part of the Fc and is therefore not shown. The location of 
the hinge region, the C H2, and the C H3 domains are indicated. 
The Cys residues normally involved in disul?de bonding to 
the light chain constant region (LC) and heavy chain constant 
region (HC) are indicated. A “.” symbol indicates identity to 
Wild-type at that position, While “***” indicates the location 
of the carboxyl terminus, and illustrates the difference in the 
carboxyl terminus of Fc6 relative to the other Fc versions. 
Amino acid locations are indicated by EU index positions. 

FIG. 4 shoWs the speci?c binding of 125I-ZTNF4 With 
various TACI-Fc constructs. The TACI-Fc fusion proteins 
had TACI moieties that lacked the ?rst 29 amino acid residues 
of the amino acid sequence of SEQ ID NO:2. One of the 
fusion proteins had a TACI moiety With an intact stalk region 
(TACI (dl-29)-Fc5), Whereas three of the TACI-Fc fusion 
proteins had TACI moieties With various deletions in the stalk 
region (TACI (dl-29, dl07-l54)-Fc5; TACI (dl-29, d111 
l54)-Fc5; TACI (d1 -29, d1 20- l 54)-Fc5). Experimental 
details are described in Example 4. 

DETAILED DESCRIPTION OF THE INVENTION 

1. OvervieW 
As described beloW, the present invention provides trans 

membrane activator and calcium modulator and cyclophilin 
ligand-interactor (TACI)-immunoglobulin fusion proteins, 
and methods for using TACI-immunoglobulin fusion pro 
teins. For example, the present invention provides methods 
for inhibiting the proliferation of tumor cells, comprising 
administering to the tumor cells a composition that comprises 
a TACI-immunoglobulin fusion protein. Such a composition 
can be administered to cells cultured in vitro. Alternatively, 
the composition can be a pharmaceutical composition that 
comprises a pharmaceutically acceptable carrier and a TACI 
immuno globulin fusion protein, and the pharmaceutical com 
position can be administered to a subject, Which has a tumor. 
The subject may be a mammalian subject. Administration of 
the pharmaceutical composition can inhibit, for example, the 
proliferation of B lymphocytes in a mammalian subject. 

The present invention also provides methods for inhibiting 
ZTNF4 activity in a mammal, comprising administering to 
the mammal a composition that comprises a TACI-immuno 
globulin. The ZTNF4 activity can be associated With various 
diseases and disorders. For example, a pharmaceutical com 
position that comprises a TACI-immunoglobulin fusion pro 
tein can be used to treat an autoimmune disease, such as 
systemic lupus erythematosus, myasthenia gravis, multiple 
sclerosis, insulin dependent diabetes mellitus, Crohn’s dis 
ease, rheumatoid arthritis, polyarticular-course juvenile rheu 
matoid arthritis, and psoriatic arthritis. Alternatively, a phar 
maceutical composition that comprises a TACI 
immunoglobulin can be used to treat a disorder such as 
asthma, bronchitis, emphysema, and end stage renal failure. 
A pharmaceutical composition comprising a TACI-immuno 
globulin can also be used to treat renal disease, such as glom 
erulonephritis, vasculitis, nephritis, amyloidosis, and pyelo 
nephritis, or a disorder, such as neoplasm, chronic 
lymphocytic leukemia, multiple myeloma, non-Hodgkin’s 
lymphoma, post-transplantation lymphoproliferative dis 
ease, and light chain gammopathy. In certain cases, the 
ZTNF4 activity can be associated With T cells. A pharmaceu 
tical composition that comprises a TACI-immunoglobulin 
can also be used to treat a disease or disorder associated With 
immunosuppression, graft rejection, graft versus host dis 
ease, and in?ammation. For example, a pharmaceutical com 
position that comprises a TACI-immunoglobulin can be used 
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4 
to decrease in?ammation, and to treat disorders such as joint 
pain, sWelling, anemia, and septic shock. 

The present invention also provides methods for reducing 
circulating blood levels of ZTNF4 in a mammalian subject, 
comprising administering to the mammalian subject a phar 
maceutical composition that comprises a pharmaceutically 
acceptable carrier and a TACI-immunoglobulin fusion pro 
tein, Wherein administration of the pharmaceutical composi 
tion reduces the circulating level of ZTNF4 in the blood of the 
mammalian subject. As an illustration, the administration of 
such a pharmaceutical composition can reduce circulating 
blood levels of ZTNF4 by at least 10%, by at least 20%, by at 
least 10 to 60%, by at least 20 to 50%, or by at least 30 to 40%, 
compared With the blood level of ZTNF4 prior to the admin 
istration of the pharmaceutical composition. Those of skill in 
the art can measure circulating levels of ZTNF4. Illustrative 
methods are described in Example 4 and Example 5. 
As described beloW, illustrative TACI-immunoglobulin 

fusion proteins comprise: 
(a) a TACI receptor moiety that consists of a fragment of a 

polypeptide that has the amino acid sequence of amino 
acid residues 30 to 154 of SEQ ID NO:2, Wherein the 
TACI receptor moiety comprises at least one of (i) amino 
acid residues 34 to 66 of SEQ ID N012, and (ii) amino 
acid residues 71 to 104 of SEQ ID N012, and Wherein 
the TACI receptor moiety binds at least one of ZTNF2 or 
ZTNF4, and 

(b) an immunoglobulin moiety comprising a constant 
region of an immunoglobulin. 

Suitable TACI receptor moieties include: polypeptides that 
comprise amino acid residues 34 to 66 of SEQ ID N012, and 
amino acid residues 71 to 104 of SEQ ID NO:2; polypeptides 
that comprise amino acid residues 34 to 104 of SEQ ID NO:2; 
polypeptides that comprise the amino acid sequence of amino 
acid residues 30 to 110 of SEQ ID NO:2; and polypeptides 
that have an amino acid sequence consisting of amino acid 
residues 30 to 110 of SEQ ID NO:2. 
The immunoglobulin moiety of a TACI-immunoglobulin 

fusion protein can comprise a heavy chain constant region, 
such as a human heavy chain constant region. An IgGl heavy 
chain constant region is one example of a suitable heavy chain 
constant region. An illustrative IgGl heavy chain constant 
region is an IgGl Fc fragment that comprises CH2, and CH3 
domains. The IgGl Fc fragment can be a Wild-type IgGl Fc 
fragment or a mutated IgGl Fc fragment, such as the Fc 
fragment comprising the amino acid sequence of SEQ ID 
NO:33. One exemplary TACI-immunoglobulin fusion pro 
tein is a protein that has an amino acid sequence comprising 
the amino acid sequence of SEQ ID NO:54. 
The TACI-immunoglobulin fusion proteins described 

herein can be multimers, such as dimers. 
The present invention also provides nucleic acid molecules 

that encode a TACI-immunoglobulin fusion protein. An illus 
trative nucleotide sequence that encodes a TACI-immunoglo 
bulin fusion protein is provided by SEQ ID NO:53. 
The present invention also includes TACI soluble receptors 

that consist of a fragment of a polypeptide that has the amino 
acid sequence of amino acid residues 30 to 154 of SEQ ID 
NO:2, Wherein the TACI soluble receptor comprises at least 
one of (i) amino acid residues 34 to 66 of SEQ ID N012, and 
(ii) amino acid residues 71 to 104 of SEQ ID N012, and 
Wherein the TACI soluble receptor binds at least one of 
ZTNF2 or ZTNF4. Additional TACI soluble receptors are 
described herein as suitable TACI receptor moieties for TACI 
immunoglobulin fusion proteins. Moreover, TACI soluble 
receptors can be used in methods described for TACI-immu 
noglobulin fusion proteins. 
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These and other aspects of the invention will become evi 
dent upon reference to the following detailed description and 
drawings. In addition, various references are identi?ed below 
and are incorporated by reference in their entirety. 
2. De?nitions 

In the description that follows, a number of terms are used 
extensively. The following de?nitions are provided to facili 
tate understanding of the invention. 
As used herein, “nucleic acid” or “nucleic acid molecule” 

refers to polynucleotides, such as deoxyribonucleic acid 
(DNA) or ribonucleic acid (RNA), oligonucleotides, frag 
ments generated by the polymerase chain reaction (PCR), and 
fragments generated by any of ligation, scission, endonu 
clease action, and exonuclease action. Nucleic acid mol 
ecules can be composed of monomers that are naturally 
occurring nucleotides (such as DNA and RNA), or analogs of 
naturally-occurring nucleotides (e.g., ot-enantiomeric forms 
of naturally-occurring nucleotides), or a combination of both. 
Modi?ed nucleotides can have alterations in sugar moieties 
and/ or in pyrimidine or purine base moieties. Sugar modi? 
cations include, for example, replacement of one or more 
hydroxyl groups with halogens, alkyl groups, amines, and 
aZido groups, or sugars can be functionaliZed as ethers or 

esters. Moreover, the entire sugar moiety can be replaced with 
sterically and electronically similar structures, such as am 
sugars and carbocyclic sugar analogs. Examples of modi?ca 
tions in a base moiety include alkylated purines and pyrim 
idines, acylated purines or pyrimidines, or other well-known 
heterocyclic substitutes. Nucleic acid monomers can be 
linked by phosphodiester bonds or analogs of such linkages. 
Analogs of phosphodiester linkages include phosphorothio 
ate, phosphorodithioate, phosphoroselenoate, phosphorodis 
elenoate, phosphoroanilothioate, phosphoranilidate, phos 
phoramidate, and the like. The term “nucleic acid molecule” 
also includes so-called “peptide nucleic acids,” which com 
prise naturally-occurring or modi?ed nucleic acid bases 
attached to a polyamide backbone. Nucleic acids canbe either 
single stranded or double stranded. 
The term “complement of a nucleic acid molecule” refers 

to a nucleic acid molecule having a complementary nucle 
otide sequence and reverse orientation as compared to a ref 
erence nucleotide sequence. For example, the sequence 5' 
ATGCACGGG 3' (SEQ ID NO:57) is complementary to 5' 
CCCGTGCAT 3' (SEQ ID NO:58). 

The term “contig” denotes a nucleic acid molecule that has 
a contiguous stretch of identical or complementary sequence 
to another nucleic acid molecule. Contiguous sequences are 
said to “overlap” a given stretch of a nucleic acid molecule 
either in their entirety or along a partial stretch of the nucleic 
acid molecule. The term “degenerate nucleotide sequence” 
denotes a sequence of nucleotides that includes one or more 
degenerate codons as compared to a reference nucleic acid 
molecule that encodes a polypeptide. Degenerate codons con 
tain different triplets of nucleotides, but encode the same 
amino acid residue (i.e., GAU and GAC triplets each encode 
Asp). 

The term “structural gene” refers to a nucleic acid molecule 
that is transcribed into messenger RNA (mRNA), which is 
then translated into a sequence of amino acids characteristic 
of a speci?c polypeptide. 
An “isolated nucleic acid molecule” is a nucleic acid mol 

ecule that is not integrated in the genomic DNA of an organ 
ism. For example, a DNA molecule that encodes a growth 
factor that has been separated from the genomic DNA of a cell 
is an isolated DNA molecule. Another example of an isolated 
nucleic acid molecule is a chemically-synthesized nucleic 
acid molecule that is not integrated in the genome of an 
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organism. A nucleic acid molecule that has been isolated from 
a particular species is smaller than the complete DNA mol 
ecule of a chromosome from that species. 
A “nucleic acid molecule construct” is a nucleic acid mol 

ecule, either single- or double-stranded, that has been modi 
?ed through human intervention to contain segments of 
nucleic acid combined and juxtaposed in an arrangement not 
existing in nature. 

“Linear DNA” denotes non-circular DNA molecules hav 
ing free 5' and 3' ends. Linear DNA can be prepared from 
closed circular DNA molecules, such as plasmids, by enZy 
matic digestion or physical disruption. 

“Complementary DNA (cDNA)” is a single-stranded DNA 
molecule that is formed from an mRNA template by the 
enZyme reverse transcriptase. Typically, a primer comple 
mentary to portions of mRNA is employed for the initiation of 
reverse transcription. Those skilled in the art also use the term 
“cDNA” to refer to a double-stranded DNA molecule con 
sisting of such a single-stranded DNA molecule and its 
complementary DNA strand. The term “cDN ” also refers to 
a clone of a cDNA molecule synthesiZed from an RNA tem 
plate. 
A “promoter” is a nucleotide sequence that directs the 

transcription of a structural gene. Typically, a promoter is 
located in the 5' non-coding region of a gene, proximal to the 
transcriptional start site of a structural gene. Sequence ele 
ments within promoters that function in the initiation of tran 
scription are often characterized by consensus nucleotide 
sequences. These promoter elements include RNA poly 
merase binding sites, TATA sequences, CAAT sequences, 
differentiation-speci?c elements (DSEs; McGehee et al., 
Mol. Endocrinol. 7:551 (1993)), cyclic AMP response ele 
ments (CREs), serum response elements (SREs; Treisman, 
Seminars in Cancer Biol. 1:47 (1990)), glucocorticoid 
response elements (GREs), and binding sites for other tran 
scription factors, such as CRE/ATF (O’Reilly et al., J. Biol. 
Chem. 267119938 (1992)), AP2 (Ye et al., J. Biol. Chem. 
269:25728 (1994)), SP1, cAMP response element binding 
protein (CREB; Loeken, Gene Expr 3:253 (1993)) and 
octamer factors (see, in general, Watson et al., eds., Molecular 
Biology of the Gene, 4th ed. (The Benj amin/Cummings Pub 
lishing Company, Inc. 1987), and Lemaigre and Rousseau, 
Biochem. J. 303:1 (1994)). If a promoter is an inducible 
promoter, then the rate of transcription increases in response 
to an inducing agent. In contrast, the rate of transcription is 
not regulated by an inducing agent if the promoter is a con 
stitutive promoter. Repressible promoters are also known. 
A “core promoter” contains essential nucleotide sequences 

for promoter function, including the TATA box and start of 
transcription. By this de?nition, a core promoter may or may 
not have detectable activity in the absence of speci?c 
sequences that may enhance the activity or confer tissue 
speci?c activity. 
A “regulatory element” is a nucleotide sequence that 

modulates the activity of a core promoter. For example, a 
regulatory element may contain a nucleotide sequence that 
binds with cellular factors enabling transcription exclusively 
or preferentially in particular cells, tissues, or organelles. 
These types of regulatory elements are normally associated 
with genes that are expressed in a “cell-speci?c,” “tissue 
speci?c,” or “organelle-speci?c” manner. 
An “enhancer” is a type of regulatory element that can 

increase the ef?ciency of transcription, regardless of the dis 
tance or orientation of the enhancer relative to the start site of 
transcription. 

“Heterologous DNA” refers to a DNA molecule, or a popu 
lation of DNA molecules, that does not exist naturally within 
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a given host cell. DNA molecules heterologous to a particular 
host cell may contain DNA derived from the host cell species 
(i.e., endogenous DNA) so long as that host DNA is combined 
With non-host DNA (i.e., exogenous DNA). For example, a 
DNA molecule containing a non-host DNA segment encod 
ing a polypeptide operably linked to a host DNA segment 
comprising a transcription promoter is considered to be a 
heterologous DNA molecule. Conversely, a heterologous 
DNA molecule can comprise an endogenous gene operably 
linked With an exogenous promoter. As another illustration, a 
DNA molecule comprising a gene derived from a Wild-type 
cell is considered to be heterologous DNA if that DNA mol 
ecule is introduced into a mutant cell that lacks the Wild-type 
gene. 
A “polypeptide” is a polymer of amino acid residues joined 

by peptide bonds, Whether produced naturally or syntheti 
cally. Polypeptides of less than about 10 amino acid residues 
are commonly referred to as “peptides.” 
A “protein” is a macromolecule comprising one or more 

polypeptide chains. A protein may also comprise non-pep 
tidic components, such as carbohydrate groups. 

Carbohydrates and other non-peptidic substituents may be 
added to a protein by the cell in Which the protein is produced, 
and Will vary With the type of cell. Proteins are de?ned herein 
in terms of their amino acid backbone structures; substituents 
such as carbohydrate groups are generally not speci?ed, but 
may be present nonetheless. 
A peptide or polypeptide encoded by a non-host DNA 

molecule is a “heterologous” peptide or polypeptide. 
An “integrated genetic element” is a segment of DNA that 

has been incorporated into a chromosome of a host cell after 
that element is introduced into the cell through human 
manipulation. Within the present invention, integrated 
genetic elements are most commonly derived from linearized 
plasmids that are introduced into the cells by electroporation 
or other techniques. Integrated genetic elements are passed 
from the original host cell to its progeny. 
A “cloning vector” is a nucleic acid molecule, such as a 

plasmid, cosmid, or bacteriophage, Which has the capability 
of replicating autonomously in a host cell. Cloning vectors 
typically contain one or a small number of restriction endo 
nuclease recognition sites that alloW insertion of a nucleic 
acid molecule in a determinable fashion Without loss of an 
essential biological function of the vector, as Well as nucle 
otide sequences encoding a marker gene that is suitable for 
use in the identi?cation and selection of cells transformed 
With the cloning vector. Marker genes typically include genes 
that provide tetracycline resistance or ampicillin resistance. 
An “expression vector” is a nucleic acid molecule encod 

ing a gene that is expressed in a host cell. Typically, an 
expression vector comprises a transcription promoter, a gene, 
and a transcription terminator. Gene expression is usually 
placed under the control of a promoter, and such a gene is said 
to be “operably linked to” the promoter. Similarly, a regula 
tory element and a core promoter are operably linked if the 
regulatory element modulates the activity of the core pro 
moter. 

A “recombinant host” is a cell that contains a heterologous 
nucleic acid molecule, such as a cloning vector or expression 
vector. In the present context, an example of a recombinant 
host is a cell that produces a TACI-Fc fusion protein from an 
expression vector. 

“Integrative transformants” are recombinant host cells, in 
Which heterologous DNA has become integrated into the 
genomic DNA of the cells. 
A “fusion protein” is a hybrid protein expressed by a 

nucleic acid molecule comprising nucleotide sequences of at 
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8 
least tWo genes. For example, a TACI -immuno globulin fusion 
protein comprises a TACI receptor moiety and an immuno 
globulin moiety. As used herein, a “TACI receptor moiety” is 
a portion of the extracellular domain of the TACI receptor that 
binds at least one of ZTNF2 or ZTNF4. The phrase an “immu 
noglobulin moiety” refers to a polypeptide that comprises a 
constant region of an immunoglobulin. For example, the 
immuno globulin moiety can comprise a heavy chain constant 
region. The term “TACI-Fc” fusion protein refers to a TACI 
immuno globulin fusion protein in Which the immuno globulin 
moiety comprises immunoglobulin heavy chain constant 
regions, CH2 and CH3. 

The term “receptor” denotes a cell-associated protein that 
binds to a bioactive molecule termed a “ligand.” This inter 
action mediates the effect of the ligand on the cell. In the 
context of TACI receptor binding, the phrase “speci?cally 
binds” or “speci?c binding” refers to the ability of the ligand 
to competitively bind With the receptor. For example, ZTNF4 
speci?cally binds With the TACI receptor, and this can be 
shoWn by observing competition for the TACI receptor 
betWeen detectably labeled ZTNF4 and unlabeled ZTNF4. 

Receptors can be membrane bound, cytosolic or nuclear; 
monomeric (e.g., thyroid stimulating hormone receptor, beta 
adrenergic receptor) or multimeric (e. g., PDGF receptor, 
groWth hormone receptor, IL-3 receptor, GM-CSF receptor, 
G-CSF receptor, erythropoietin receptor and IL-6 receptor). 
Membrane-bound receptors are characterized by a multi-do 
main structure comprising an extracellular ligand-binding 
domain and an intracellular effector domain that is typically 
involved in signal transduction. In certain membrane-bound 
receptors, the extracellular ligand-binding domain and the 
intracellular effector domain are located in separate polypep 
tides that comprise the complete functional receptor. 

In general, the binding of ligand to receptor results in a 
conformational change in the receptor that causes an interac 
tion betWeen the effector domain and other molecule(s) in the 
cell, Which in turn leads to an alteration in the metabolism of 
the cell. Metabolic events that are often linked to receptor 
ligand interactions include gene transcription, phosphoryla 
tion, dephosphorylation, increases in cyclicAMP production, 
mobilization of cellular calcium, mobilization of membrane 
lipids, cell adhesion, hydrolysis of inositol lipids and 
hydrolysis of phospholipids. 
The term “secretory signal sequence” denotes a DNA 

sequence that encodes a peptide (a “secretory peptide”) that, 
as a component of a larger polypeptide, directs the larger 
polypeptide through a secretory pathWay of a cell in Which it 
is synthesized. The larger polypeptide is commonly cleaved 
to remove the secretory peptide during transit through the 
secretory pathWay. 
An “isolated polypeptide” is a polypeptide that is essen 

tially free from contaminating cellular components, such as 
carbohydrate, lipid, or other proteinaceous impurities associ 
ated With the polypeptide in nature. Typically, a preparation 
of isolated polypeptide contains the polypeptide in a highly 
puri?ed form, i.e., at least about 80% pure, at least about 90% 
pure, at least about 95% pure, greater than 95% pure, or 
greater than 99% pure. One Way to shoW that a particular 
protein preparation contains an isolated polypeptide is by the 
appearance of a single band folloWing sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis of the protein 
preparation and Coomassie Brilliant Blue staining of the gel. 
HoWever, the term “isolated” does not exclude the presence of 
the same polypeptide in alternative physical forms, such as 
dimers or alternatively glycosylated or derivatized forms. 
The terms “amino-terminal” and “carboxyl-terminal” are 

used herein to denote positions Within polypeptides. Where 
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the context allows, these terms are used With reference to a 
particular sequence or portion of a polypeptide to denote 
proximity or relative position. For example, a certain 
sequence positioned carboxyl-terminal to a reference 
sequence Within a polypeptide is located proximal to the 
carboxyl terminus of the reference sequence, but is not nec 
essarily at the carboxyl terminus of the complete polypeptide. 

The term “expression” refers to the biosynthesis of a gene 
product. For example, in the case of a structural gene, expres 
sion involves transcription of the structural gene into mRNA 
and the translation of mRNA into one or more polypeptides. 

The term “splice variant” is used herein to denote alterna 
tive forms of RNA transcribed from a gene. Splice variation 
arises naturally through use of alternative splicing sites Within 
a transcribed RNA molecule, or less commonly betWeen 
separately transcribed RNA molecules, and may result in 
several mRNAs transcribed from the same gene. Splice vari 
ants may encode polypeptides having altered amino acid 
sequence. The term splice variant is also used herein to denote 
a polypeptide encoded by a splice variant of an mRNA tran 
scribed from a gene. 
As used herein, the term “immunomodulator” includes 

cytokines, stem cell groWth factors, lymphotoxins, co-stimu 
latory molecules, hematopoietic factors, and synthetic ana 
logs of these molecules. 

The term "complement/anti-complement pair” denotes 
non-identical moieties that form a non-covalently associated, 
stable pair under appropriate conditions. For instance, biotin 
and avidin (or streptavidin) are prototypical members of a 
complement/anti-complement pair. Other exemplary 
complement/anti-complement pairs include receptor/ligand 
pairs, antibody/antigen (or hapten or epitope) pairs, sense/ 
antisense polynucleotide pairs, and the like. Where subse 
quent dissociation of the complement/anti-complement pair 
is desirable, the complement/anti-complement pair prefer 
ably has a binding af?nity less than 109 M_l. 
An “antibody fragment” is a portion of an antibody such as 

F(ab')2, F(ab)2, Fab‘, Fab, and the like. Regardless of struc 
ture, an antibody fragment binds With the same antigen that is 
recogniZed by the intact antibody. 

The term “antibody fragment” also includes a synthetic or 
a genetically engineered polypeptide that binds to a speci?c 
antigen, such as polypeptides consisting of the light chain 
variable region, “Fv” fragments consisting of the variable 
regions of the heavy and light chains, recombinant single 
chain polypeptide molecules in Which light and heavy vari 
able regions are connected by a peptide linker (“scFv pro 
teins”), and minimal recognition units consisting of the amino 
acid residues that mimic the hypervariable region. 
A “chimeric antibody” is a recombinant protein that con 

tains the variable domains and complementary determining 
regions derived from a rodent antibody, While the remainder 
of the antibody molecule is derived from a human antibody. 

“HumaniZed antibodies” are recombinant proteins in 
Which murine complementarity determining regions of a 
monoclonal antibody have been transferred from heavy and 
light variable chains of the murine immunoglobulin into a 
human variable domain. 
As used herein, a “therapeutic agent” is a molecule or atom, 

Which is conjugated to an antibody moiety to produce a con 
jugate, Which is useful for therapy. Examples of therapeutic 
agents include drugs, toxins, immunomodulators, chelators, 
boron compounds, photoactive agents or dyes, and radioiso 
topes. 
A “detectable label” is a molecule or atom, Which can be 

conjugated to an antibody moiety to produce a molecule 
useful for diagnosis. Examples of detectable labels include 
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10 
chelators, photoactive agents, radioisotopes, ?uorescent 
agents, paramagnetic ions, or other marker moieties. 
The term “af?nity tag” is used herein to denote a polypep 

tide segment that can be attached to a second polypeptide to 
provide for puri?cation or detection of the second polypep 
tide or provide sites for attachment of the second polypeptide 
to a substrate. In principal, any peptide or protein for Which an 
antibody or other speci?c binding agent is available can be 
used as an a?inity tag. Af?nity tags include a polyhistidine 
tract, protein A (Nilsson et al., EMBO J. 4: 1075 (1985); 
Nilsson et al., Methods Enzymol. 198:3 (1991)), glutathione S 
transferase (Smith and Johnson, Gene 67:31 (1988)), Glu 
Glu a?inity tag (Grussenmeyer et al., Proc. Natl. Acad. Sci. 
USA 82:7952 (1985)), substance P, FLAG peptide (Hopp et 
al., Biotechnology 6:1204 (1988)), streptavidin binding pep 
tide, or other antigenic epitope or binding domain. See, in 
general, Ford et al., Protein Expression and Puri?cation 2: 95 
(1991). DNA molecules encoding a?inity tags are available 
from commercial suppliers (e.g., Pharmacia Biotech, Piscat 
aWay, N.J.). 
A “naked antibody” is an entire antibody, as opposed to an 

antibody fragment, Which is not conjugated With a therapeutic 
agent. Naked antibodies include both polyclonal and mono 
clonal antibodies, as Well as certain recombinant antibodies, 
such as chimeric and humaniZed antibodies. 
As used herein, the term “antibody component” includes 

both an entire antibody and an antibody fragment. 
An “immunoconjugate” is a conjugate of an antibody com 

ponent With a therapeutic agent or a detectable label. 
A “target polypeptide” or a “target peptide” is an amino 

acid sequence that comprises at least one epitope, and that is 
expressed on a target cell, such as a tumor cell, or a cell that 
carries an infectious agent antigen. T cells recogniZe peptide 
epitopes presented by a major histocompatibility complex 
molecule to a target polypeptide or target peptide and typi 
cally lyse the target cell or recruit other immune cells to the 
site of the target cell, thereby killing the target cell. 
An “antigenic peptide” is a peptide, Which Will bind a 

major histocompatibility complex molecule to form an 
MHC-peptide complex, Which is recogniZed by a T cell, 
thereby inducing a cytotoxic lymphocyte response upon pre 
sentation to the T cell. Thus, antigenic peptides are capable of 
binding to an appropriate major histocompatibility complex 
molecule and inducing a cytotoxic T cells response, such as 
cell lysis or speci?c cytokine release against the target cell, 
Which binds or expresses the antigen. The antigenic peptide 
can be bound in the context of a class I or class 11 major 
histocompatibility complex molecule, on an antigen present 
ing cell or on a target cell. 

In eukaryotes, RNA polymerase II catalyZes the transcrip 
tion of a structural gene to produce mRNA. A nucleic acid 
molecule can be designed to contain an RNA polymerase II 
template in Which the RNA transcript has a sequence that is 
complementary to that of a speci?c mRNA. The RNA tran 
script is termed an “anti-sense RN ” and a nucleic acid 
molecule that encodes the anti-sense RNA is termed an “anti 
sense gene.”Anti-sense RNA molecules are capable of bind 
ing to mRNA molecules, resulting in an inhibition of mRNA 
translation. 
Due to the imprecision of standard analytical methods, 

molecular Weights and lengths of polymers are understood to 
be approximate values. When such a value is expressed as 
“about” X or “approximately” X, the stated value of X Will be 
understood to be accurate to 110%. 
3. Production of Nucleic Acid Molecules Encoding TACI 
lmmuno globulin Proteins 
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FIG. 1 provides the predicted amino acid sequence of 
human TACI (von BilloW and Bram, Science 278:138 
(1997)). The TACI polypeptide contains the following pre 
dicted elements: (a) tWo cysteine-rich pseudo-repeat struc 
tures characteristic of tumor necrosis factor ligand binding 5 
domains, (b) a 62 amino acid “stalk region,” Which resides 
betWeen the ligand binding domains and the transmembrane 
domain, (c) a 20 amino acid transmembrane domain, and (d) 
a 127 amino acid intracellular domain. The amino acid 
sequence does not contain a predicted hydrophobic amino 
terminal signal sequence. 

In order to create a soluble form of human TACI for use as 

an inhibitor of the native ligandznative receptor interaction, a 
TACI extracellular domain-human immunoglobulin Fc 
fusion protein Was generated. The available human TACI 
sequence Was used as the starting point for designing the 
fusion protein molecule (von BilloW and Bram, Science 278: 
138 (1997)). This initial construct, designated as 

“TACI-Fc4,” included amino acid residues 1 through 154 
of the TACI polypeptide, and a modi?ed human Fc region, 
described beloW. The fusion point of residue 154 Was chosen 
in order to include as much of the stalk region of TACI as 
possible While not including any potential portion of the 
predicted transmembrane domain. 

Since native TACI polypeptide does not contain an amino 
terminal signal sequence, an amino terminal signal sequence 
Was added to TACI in order to generate a secreted form of the 
TACI-Fc fusion protein. The signal sequence Was a modi?ed 
pre-pro sequence from human tissue plasminogen activator. 
The modi?cations Were included to enhance signal peptidase 
cleavage and furin protease-speci?c processing and for that 
reason this sequence has been referred to as the “optimized 
tPA (otPA) leader.” The otPA sequence (SEQ ID NO:25) is 
illustrated beloW; modi?ed amino acid residues are shaded. 
The recombinant TACI-Fc fusion protein coding sequence 
Was inserted into an expression vector, Which Was transfected 
into Chinese hamster ovary cells. 
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Transfected Chinese hamster ovary cells produced the 
TACI-Fc4 protein at a loW level of about 0.3 pg/cell/day. 
Western blot analysis of TACI-Fc protein With goat anti 
human IgG Fc antisera revealed tWo bands, one band Was 
smaller than the expected siZe of approximately 48 kDa. 
Amino acid sequence analysis of puri?ed proteins revealed 
that the smaller band re?ected cleavage of TACI fusion pro 
teins at various sites Within the TACI stalk region. With ref 
erence to SEQ ID NO:2, the major termini Were found at 
amino acid residues 118 and 123, although, proteins Were 
also cleaved at amino acid positions 110, 139, and 141. 

In addition to heterogeneity caused by cleavage in the stalk 
region, heterogeneity Was also observed at the amino and 
carboxyl termini. With reference to SEQ ID NO:2, the major 
amino termini Were found at amino acid residues 1, 10, and 
13. Differences in the carboxyl terminus re?ect the natural 
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heterogeneity of recombinant immunoglobulins and immu 
noglobulin fusion proteins, Which includes the incomplete 
removal of the carboxyl-terminally-encoded lysine residue. 
Another source of heterogeneity Was found in the variable 
nature of the carbohydrate structure attached to the Fc 
encoded immunoglobulin C H2 domain. 
NeW versions of TACI-Fc Were generated to address the 

observed heterogeneity. Constructs Were designed that 
included at least one of the folloWing variations in the TACI 
moiety: (1) portions of the TACI stalk region Were deleted, (2) 
a portion of the TACI stalk region Was replaced With a portion 
of the BCMA stalk region, (3) the arginine residue at position 
119 Was mutated to eliminate a potential furin cleavage site, 
(4) the glutamine residue at position 121 Was mutated to 
eliminate a potential furin cleavage site, (5) the arginine resi 
due at position 122 Was mutated to eliminate a potential furin 
cleavage site, (6) amino acid residue at positions 123 and 142 
Were mutated to amino acid residues found in corresponding 
positions of murine TACI, (7) the human otPA signal 
sequence Was replaced With a human heavy chain variable 
region signal sequence, (8) the valine residue at position 29 
Was mutated to methionine, and the otPA signal sequence Was 
joined in an amino terminal position to this residue, and (9) 
the otPA signal sequence Was joined in an amino terminal 
location to the alanine residue at position 30. 

Modi?cations Were also introduced in the immuno globulin 
moiety. Five classes of immunoglobulin, IgG, IgA, IgM, IgD, 
and IgE, have been identi?ed in higher vertebrates. IgG, IgD, 
and IgE proteins are characteristically disul?de linked het 
erotetramers consisting of tWo identical heavy chains and tWo 
identical light chains. Typically, IgM is found as a pentamer 
of a tetramer, Whereas IgA occurs as a dimer of a tetramer. 
IgG comprises the major class as it normally exists as the 
second most abundant protein found in plasma. In humans, 
IgG consists of four subclasses, designated IgG1, IgG2, 
IgG3, and IgG4. As shoWn in FIG. 2, each immunoglobulin 
heavy chain possesses a constant region that consists of con 

Cys 

stant region protein domains (C H1, hinge, C H2, and C H3) that 
are invariant for a given subclass. The heavy chain constant 
regions of the IgG class are identi?ed With the Greek symbol 
y. For example, immunoglobulins of the IgG1 subclass con 
tain a Y1 heavy chain constant region. 
The Fc fragment, or Fc domain, consists of the disul?de 

linked heavy chain hinge regions, C H2, and C H3 domains. In 
immunoglobulin fusion proteins, Fc domains of the IgG1 
subclass are often used as the immunoglobulin moiety, 
because IgG1 has the longest serum half-life of any of the 
serum proteins. Lengthy serum half-life can be a desirable 
protein characteristic for animal studies and potential human 
therapeutic use. In addition, the IgG1 subclass possesses the 
strongest ability to carry out antibody mediated effector func 
tions. The primary effector function that may be most useful 
in an immunoglobulin fusion protein is the ability for an IgG1 
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antibody to mediate antibody dependent cellular cytotoxicity. 
On the other hand, this could be an undesirable function for a 
fusion protein that functions primarily as an antagonist. Sev 
eral of the speci?c amino acid residues that are important for 
antibody constant region-mediated activity in the IgG1 sub 
class have been identi?ed. Inclusion or exclusion of these 
speci?c amino acids therefore alloWs for inclusion or exclu 
sion of speci?c immunoglobulin constant region-mediated 
activity. 

Six versions of a modi?ed human IgG1 Fc Were generated 
for creating Fc fusion proteins. Fc-488 Was designed for 
convenient cloning of a fusion protein containing the human 
Y1 Fc region, and it Was constructed using the Wild-type 
human immunoglobulin Y1 constant region as a template. 
Concern about potential deleterious effects due to an 
unpaired cysteine residue led to the decision to replace the 
cysteine (amino acid residue 24 of SEQ ID NO16) that nor 
mally disul?de bonds With the immunoglobulin light chain 
constant region With a serine residue. An additional change 
Was introduced at the codon encoding EU index position 218 
(amino acid residue 22 of SEQ ID NO16) to introduce a BglII 
restriction enzyme recognition site for ease of future DNA 
manipulations. These changes Were introduced into the PCR 
product encoded on the PCR primers. Due to the location of 
the BglII site and in order to complete the Fc hinge region, 
codons for EU index positions 216 and 217 (amino acid 
residues 20 and 21 of SEQ ID NO: 6) Were incorporated in the 
fusion protein partner sequences. Fc4, Fc5, and Fc6 contain 
mutations to reduce effector functions mediated by the Fc by 
reducing FcyRI binding and complement C1q binding. Fc4 
contains the same amino acid substitutions that Were intro 
duced into Fc-488. Additional amino acid substitutions Were 
introduced to reduce potential Fc mediated effector functions. 
Speci?cally, three amino acid substitutions Were introduced 
to reduce FcyRI binding. These are the substitutions at EU 
index positions 234, 235, and 237 (amino acid residues 38, 
39, and 41 of SEQ ID NO:6). Substitutions at these positions 
have been shoWn to reduce binding to FcyRI (Duncan et al., 
Nature 3321563 (1988)). These amino acid substitutions may 
also reduce FcyRIIa binding, as Well as FcyRIII binding (Son 
dermann et al., Nature 4061267 (2000); Wines et al., .1. Immu 
nol. 16415313 (2000)). 

Several groups have described the relevance of EU index 
positions 330 and 331 (amino acid residues 134 and 135 of 
SEQ ID NO16) in complement C1q binding and subsequent 
complement ?xation (Can?eld and Morrison, .1. Exp. Med. 
17311483 (1991); Tao et al., J. Exp. Med. 1781661 (1993)). 
Amino acid substitutions at these positions Were introduced 
in Fc4 to reduce complement ?xation. The C H3 domain of Fc4 
is identical to that found in the corresponding Wild-type 
polypeptide, except for the stop codon, Which Was changed 
from TGA to TAA to eliminate a potential dam methylation 
site When the cloned DNA is groWn in dam plus strains of E. 
coli. 

In Fc5, the arginine residue at EU index position 218 Was 
mutated back to a lysine, because the BglIII cloning scheme 
Was not used in fusion proteins containing this particular Fc. 
The remainder of the Fc5 sequence matches the above 
description for Fc4. 

Fc6 is identical to Fc5 except that the carboxyl terminal 
lysine codon has been eliminated. The C-terminal lysine of 
mature immunoglobulins is often removed from mature 
immunoglobulins post-translationally prior to secretion from 
B-cells, or removed during serum circulation. Consequently, 
the C-terminal lysine residue is typically not found on circu 
lating antibodies. As in Fc4 and Fc5 above, the stop codon in 
the Fc6 sequence Was changed to TAA. 

20 

14 
Fc7 is identical to the Wild-type Y1 Fc except for an amino 

acid substitution at EU index position 297 located in the C H2 
domain. EU index position Asn-297 (amino acid residue 101 
of SEQ ID NO16) is a site of N-linked carbohydrate attach 
ment. N-linked carbohydrate introduces a potential source of 
variability in a recombinantly expressed protein due to poten 
tial batch-to -batch variations in the carbohydrate structure. In 
an attempt to eliminate this potential variability, Asn-297 Was 
mutated to a glutamine residue to prevent the attachment of 
N-linked carbohydrate at that residue position. The carbohy 
drate at residue 297 is also involved in Fc binding to the 
FcyRIII (Sondermann et al., Nature 4061267 (2000)). There 
fore, removal of the carbohydrate should decrease binding of 
recombinant Fc7 containing fusion proteins to the FcyRs in 
general. As above, the stop codon in the Fc7 sequence Was 
mutated to TAA. 

Fc8 is identical to the Wild-type immunoglobulin y region 
shoWn in SEQ ID NO: 6, except that the cysteine residue at EU 
index position 220 (amino acid residue 24 of SEQ ID NO16) 
Was replaced With a serine residue. This mutation eliminated 
the cysteine residue that normally disul?de bonds With the 
immunoglobulin light chain constant region. 

Illustrative TACI-Fc constructs are described in Table 1. 

25 
TABLE 1 

Illustrative TACI-Fc Fusion Protein Constructs 

TACI Sequence“ Fc Version 

3 0 TACIZ’ F04 
TACIZ’ F05 
TACIb Fcyl 
TACI ((1107-154) F05 
TACI (R119Q) F04 
TACI (1-104)-BCMA (42-54)C P05 

35 TACI ((1143-150) F05 
TACI (R142G, (1143-150) F05 
TACI (R119G, Q1211’, R122Q, 8123A) F05 
TACI(R119G, R122Q) F05 
TACI ((11-28, v29M) F06 
TACI ((11-29) P06 

40 TACI ((11-29) F05 
TACI ((11-29, (1107-154) F05 
TACI ((11-29, (1111-154) F05 
TACI ((11-29, (1120-154) F05 

“Information about locations, mutations, and deletions of amino acid sequences is provided 
Within parentheses in reference to the amino acid sequence of SEQ ID NO: 2. 

45 bIHClLlClES amino acid IeSidLleS 1 (d 154 ofSEQ 1]) NO: 2. 

CThis construct includes amino acid residues 1 to 104 ofSEQ ID NO: 2 (TACI) and amino 
acids 42 (d 54 OfSEQ 1]) NO: 27 (BCMA). 

The TACI-Fc proteins Were produced by recombinant Chi 
nese hamster ovary cells, isolated, and analyZed using West 

50 em blot analysis and amino acid sequence analysis. Surpris 
ingly, deletion of the ?rst 29 amino acids from the N-terminus 
of the TACI polypeptide resulted in a ten-fold increase in the 
production of TACI-Fc fusion proteins by Chinese hamster 
ovary cells. This deletion also reduced the cleavage of the 

55 full-length stalk region. In addition, cleavage Within the TACI 
stalk region Was suppressed either by truncating the TACI 
stalk region, or by replacing the TACI stalk region Within 
another amino acid sequence (e.g., the amino acid sequence 
of the BCMA stalk region). 

60 As described in Example 4, functional analyses of TACI 
Fc constructs indicate that fusion proteins TACI (d1-29)-Fc5, 
TACI (d1-29, d107-154)-Fc5, TACI (d1-29, d111-154)-Fc5, 
and TACI (d1-29, d120-154)-Fc5 have similar binding af?ni 
ties for ZTNF4. HoWever, constructs, TACI (d1-29)-Fc5, 

65 TACI (d1-29, d111-154)-Fc5, and TACI (d1-29, d120-154) 
Fc5 appear to bind more ZTNF4 per mole of TACI-Fc than 

construct, TACI (d1-29, d107-154)-Fc5. Depending upon the 
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intended use (i.e., therapeutic, diagnostic, or research), either 
high capacity or loW capacity TACI-Fc fusion proteins can be 
employed. In addition, a combination of high capacity and 
loW capacity TACI-Fc fusion proteins enables the titration of 
ZTNF2 or ZTNF4. 

The present invention contemplates TACI-immunoglobu 
lin fusion proteins that comprise a TACI receptor moiety 
consisting of amino acid residues 30 to 106 of SEQ ID N012, 
30 to 110 ofSEQ ID N012, 30 to 119 ofSEQ ID N012, or 30 
to 154 of SEQ ID N012. The present invention also includes 
TACI-immunoglobulin fusion proteins that comprise a TACI 
receptor moiety consisting of amino acid residues 31 to 106 of 
SEQ ID N012, 31 to 110 ofSEQ ID N012, 31 to 119 ofSEQ 
ID N012, or 31 to 154 of SEQ ID N012. 
More generally, the present invention includes TACI-im 

munoglobulin fusion proteins, Wherein the TACI receptor 
moiety consists of a fragment of amino acid residues 30 to 
154 of SEQ ID N012, and Wherein the TACI receptor moiety 
binds at least one of ZTNF2 or ZTNF4. Such fragments 
comprise a cysteine-rich pseudo-repeat region, and option 
ally, can include at least one of an N-terminal segment, Which 
resides in an amino-terminal position to the cysteine-rich 
pseudo-repeat region, and a stalk segment, Which resides in a 
carboxyl-terminal position to the cysteine-rich pseudo-repeat 
region. Suitable cysteine-rich pseudo-repeat regions include 
polypeptides that: (a) comprise at least one of amino acid 
residues 34 to 66 ofSEQ ID N012, and amino acid residues 71 
to 104 of SEQ ID N012, (b) comprise both amino acid resi 
dues 34 to 66 ofSEQ ID N012, and amino acid residues 71 to 
104 of SEQ ID N012, or (c) comprise amino acid residues 34 
to 104 of SEQ ID N012. 

Suitable N-terminal segments include the following With 
reference to SEQ ID N0121 amino acid residue 33, amino acid 
residues 32 to 33, amino acid residues 31 to 33, and amino 
acid residues 30 to 33. Suitable stalk segments include one or 
more amino acids of amino acid residues 105 to 154 of SEQ 
ID N012. For example, the stalk segment can consist of the 
folloWing With reference to SEQ ID N0121 amino acidresidue 
105, amino acid residues 105 to 106, amino acid residues 105 
to 107, amino acid residues 105 to 108, amino acid residues 
105 to 109, amino acid residues 105 to 110, amino acid 
residues 105 to 111, amino acid residues 105 to 112, amino 
acid residues 105 to 113, amino acid residues 105 to 114, 
amino acid residues 105 to 115, amino acid residues 105 to 
116, amino acid residues 105 to 117, amino acid residues 105 
to 118, amino acid residues 105 to 119, amino acid residues 
105 to 120, amino acid residues 105 to 121, amino acid 
residues 105 to 122, amino acid residues 105 to 123, amino 
acid residues 105 to 124, amino acid residues 105 to 125, 
amino acid residues 105 to 126, amino acid residues 105 to 
127, amino acid residues 105 to 128, amino acid residues 105 
to 129, amino acid residues 105 to 130, amino acid residues 
105 to 131, amino acid residues 105 to 132, amino acid 
residues 105 to 133, amino acid residues 105 to 134, amino 
acid residues 105 to 135, amino acid residues 105 to 136, 
amino acid residues 105 to 137, amino acid residues 105 to 
138, amino acid residues 105 to 139, amino acid residues 105 
to 140, amino acid residues 105 to 141, amino acid residues 
105 to 142, amino acid residues 105 to 143, amino acid 
residues 105 to 144, amino acid residues 105 to 145, amino 
acid residues 105 to 146, amino acid residues 105 to 147, 
amino acid residues 105 to 148, amino acid residues 105 to 
149, amino acid residues 105 to 150, amino acid residues 105 
to 151, amino acid residues 105 to 152, amino acid residues 
105 to 153, and amino acid residues 105 to 154. 

Additional suitable stalk segments include one or more 
amino acids of the BCMA stalk region (i.e., amino acid resi 
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1 6 
dues 42 to 54 of SEQ ID N0127. For example, a stalk segment 
can consist of the folloWing With reference to SEQ ID N01271 
amino acid residue 42, amino acid residues 42 to 43, amino 
acid residues 42 to 44, amino acid residues 42 to 45, amino 
acid residues 42 to 46, amino acid residues 42 to 47, amino 
acid residues 42 to 48, amino acid residues 42 to 49, amino 
acid residues 42 to 50, amino acid residues 42 to 51, amino 
acid residues 42 to 52, amino acid residues 42 to 53, and 
amino acid residues 42 to 54. More generally, a stalk segment 
can consist of tWo to 50 amino acid residues. 
The immunoglobulin moiety of a fusion protein described 

herein comprises at least one constant region of an immuno 
globulin. Preferably, the immunoglobulin moiety represents a 
segment of a human immunoglobulin. The human immuno 
globulin sequence can be a Wild-type amino acid sequence, or 
a modi?ed Wild-type amino acid sequence, Which has at least 
one of the amino acid mutations discussed above. 
The human immunoglobulin amino acid sequence can also 

vary from Wild-type by having one or more mutations char 
acteristic of a knoWn allotypic determinant. Table 2 shoWs the 
allotypic determinants of the human IgGyl constant region 
(Putman, The Plasma Proteins, Vol. V, pages 49 to 140 (Aca 
demic Press, Inc. 1987)). EU index positions 214, 356, 358, 
and 431 de?ne the knoWn IgGyl allotypes. Position 214 is in 
the C H1 domain of the IgGyl constant region, and, therefore, 
does not reside Within the Fc sequence. The Wild-type Fc 
sequence of SEQ ID N016 includes the Glm(l) and Glm(2—) 
allotypes. HoWever, the Fc moiety of a TACI-Fc protein can 
be modi?ed to re?ect any combination of these allotypes. 

TABLE 2 

Allotypic Determinants of the Human Immunoglo 
bulin v1 Constant Reqion 

Amino Acid Amino Acid Position 

Allotype Residue EU Index SEQ ID NO: 6 

Glm(l) Asp, Leu 356, 358 160, 162 

Glm(l—) Glu, Met 356, 358 160, 162 

Glm(2) Gly 431 235 

Glm(2—) Ala 431 235 

Glm(3) Arg 214 — 

Glm(3—) Lys 214 — 

The examples of TACI-Fc proteins disclosed herein com 
prise human IgG1 constant regions. HoWever, suitable immu 
noglobulin moieties also include polypeptides comprising at 
least one constant region, such as a heavy chain constant 
region from any of the folloWing immunoglobulins: IgG2, 
IgG3,IgG4,IgA1,IgA2, IgD, IgE, and IgM.Advantageously, 
immunoglobulin moieties derived from Wild-type IgG2 or 
Wild-type IgG4 offer reduced effector function, compared 
With Wild-type IgG1 or Wild-type IgG3. The present invention 
also contemplates fusion proteins that comprise a TACI 
receptor moiety, as described above, and either albumin or 
[32-macroglobulin. 
Another type of receptor fusion protein that binds ZTNF2 

or ZTNF4 is a BCMA-immunoglobulin fusion protein. Stud 
ies have been performed With a BCMA-Fc4 fusion protein in 
Which the BCMA moiety consists of amino acid residues 1 to 
48 of SEQ ID N0127. Surprisingly, pharmacokinetic studies 
in mice revealed that BCMA-Fc4 fusion protein had a half 
life of about 101 hours, Whereas a TACI-Fc protein had a 
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half-life of 25 hours. Thus, administration of a BCMA-im 
munoglobulin fusion protein may be preferred in certain 
clinical settings. Moreover, a combination of TACI-immuno 
globulin and BCMA-immunoglobulin fusion proteins may be 
advantageous to treat certain conditions. This combination 
therapy can be achieved by administering TACI-immunoglo 
bulin and BCMA-immunoglobulin fusion proteins, or by 
administering heterodimers of TACI-immunoglobulin and 
BCMA-immunoglobulin fusion proteins. 

Another type of receptor fusion protein that binds ZTNF4 
is an immunoglobulin fusion protein comprising an extracel 
lular domain of a receptor designated as “Ztnfr12. ” Ztnfr12 
amino acid and nucleotide sequences are provided as SEQ ID 
NO:59 and SEQ ID NO:60, respectively. Suitable Ztnfr12 
receptor moieties include polypeptides comprising amino 
acid residues 1 to 69 of SEQ ID NO:60, or amino acid resi 
dues 19 to 35 of SEQ ID NO:60. 

The fusion proteins of the present invention can have the 
form of single chain polypeptides, dimers, trimers, or mul 
tiples of dimers or trimers. Dimers can be homodimers or 
heterodimers, and trimers can be homotrimers or heterotrim 
ers. Examples of heterodimers include a TACI-immunoglo 
bulin polypeptide With a BCMA-immunoglobulin polypep 
tide, a TACI-immunoglobulin polypeptide With a Ztnfrl2 
immunoglobulin polypeptide, and a BCMA 
immuno globulin polypeptide With a Ztnfrl 2 - 
immunoglobulin polypeptide. Examples of heterotrimers 
include a TACI-immunoglobulin polypeptide With tWo 
BCMA-immunoglobulin polypeptides, a TACI-immunoglo 
bulin polypeptide With tWo Ztnfr12-immunoglobulin 
polypeptides, a BCMA-immunoglobulin polypeptide With 
tWo Ztnfr12-immunoglobulin polypeptides, tWo TACI-im 
munoglobulin polypeptides With a BCMA-immunoglobulin 
polypeptide, tWo TACI-immunoglobulin polypeptides With a 
Ztnfrl 2-immuno globulin polypeptide, tWo BCMA-immuno 
globulin polypeptides With a Ztnfr12-immunoglobulin 
polypeptide, and a trimer of a TACI-immunoglobulin 
polypeptide, a BCMA-immunoglobulin polypeptide, and a 
Ztnfrl 2-immuno globulin polypeptide. 

In such fusion proteins, the TACI receptor moiety can 
comprise at least one of the folloWing amino acid sequences 
of SEQ ID NO:2: amino acid residues 30 to 154, amino acid 
residues 34 to 66, amino acid residues 71 to 104, amino acid 
residues 47 to 62, and amino acid residues 86 to 100. The 
BCMA receptor moiety can comprise at least one of the 
folloWing amino acid sequences of SEQ ID NO:27: amino 
acid residues 1 to 48, amino acid residues 8 to 41, and amino 
acid residues 21 to 37. The Ztnfr12 receptor moiety can 
comprise at least one of the folloWing amino acid sequences 
of SEQ ID NO:60: amino acid residues 1 to 69, and amino 
acid residues 19 to 35. 

Fusion proteins can be produced using the PCR methods 
used to construct the illustrative TACI-Fc molecules, Which 
are described in the Examples. HoWever, those of skill in the 
art can use other standard approaches. For example, nucleic 
acid molecules encoding TACI, BCMA, Ztnfr12, or immu 
noglobulin polypeptides can be obtained by screening human 
cDNA or genomic libraries using polynucleotide probes 
based upon sequences disclosed herein. These techniques are 
standard and Well-established (see, for example, Ausubel et 
al. (eds.), Short Protocols in Molecular Biology, 3rd Edition, 
pages 4-1 to 4-6 (John Wiley & Sons 1995) (“Ausubel (1995) 
”); Wu et al., Methods in Gene Biotechnology, pages 33-41 
(CRC Press, Inc. 1997) (“Wu (1997)”); Ausubel (1995) at 
pages 5-1 to 5-6; Wu (1997) at pages 307-327)). 

Alternatively, molecules for constructing immunoglobulin 
fusion proteins can be obtained by synthesizing nucleic acid 
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molecules using mutually priming long oligonucleotides and 
the nucleotide sequences described herein (see, for example, 
Ausubel (1995) at pages 8-8 to 8-9). Established techniques 
using the polymerase chain reaction provide the ability to 
synthesiZe DNA molecules at least tWo kilobases in length 
(Adang et al., Plant Molec. Biol. 21:1131 (1993), Bambot et 
al., PCR Methods and Applications 2:266 (1993), Dillon et 
al., “Use of the Polymerase Chain Reaction for the Rapid 
Construction of Synthetic Genes,” in Methods in Molecular 
Biology, Vol. 15: PCR Protocols: CurrentMethods andAppli 
cations, White (ed.), pages 263-268, (Humana Press, Inc. 
1993), and HoloWachuk et al., PCR Methods Appl. 4:299 
(1 995)). 
The nucleic acid molecules of the present invention can 

also be synthesiZed With “gene machines” using protocols 
such as the phosphoramidite method. If chemically-synthe 
siZed double stranded DNA is required for an application 
such as the synthesis of a gene or a gene fragment, then each 
complementary strand is made separately. The production of 
short genes (60 to 80 base pairs) is technically straightforward 
and can be accomplished by synthesizing the complementary 
strands and then annealing them. For the production of longer 
genes (>300 base pairs), hoWever, special strategies may be 
required, because the coupling ef?ciency of each cycle during 
chemical DNA synthesis is seldom 100%. To overcome this 
problem, synthetic genes (double-stranded) are assembled in 
modular form from single-stranded fragments that are from 
20 to 100 nucleotides in length. For revieWs on polynucle 
otide synthesis, see, for example, Glick and Pasternak, 
Molecular Biotechnology, Principles and Applications of 
Recombinant DNA (ASM Press 1994), Itakura et al., Annu. 
Rev. Biochem. 532323 (1984), and Climie et al., Proc. Nat’l 
Acad. Sci. USA 87:633 (1990). 
4. Production of TACI-Immunoglobulin Polypeptides 
The polypeptides of the present invention can be produced 

in recombinant host cells folloWing conventional techniques. 
To express a TACI-immunoglobulin-encoding sequence, a 
nucleic acid molecule encoding the polypeptide must be 
operably linked to regulatory sequences that control tran 
scriptional expression in an expression vector and then, intro 
duced into a host cell. In addition to transcriptional regulatory 
sequences, such as promoters and enhancers, expression vec 
tors can include translational regulatory sequences and a 
marker gene, Which is suitable for selection of cells that carry 
the expression vector. 

Expression vectors that are suitable for production of a 
foreign protein in eukaryotic cells typically contain (1) 
prokaryotic DNA elements coding for a bacterial replication 
origin and an antibiotic resistance marker to provide for the 
groWth and selection of the expression vector in a bacterial 
host; (2) eukaryotic DNA elements that control initiation of 
transcription, such as a promoter; and (3) DNA elements that 
control the processing of transcripts, such as a transcription 
termination/polyadenylation sequence. 

Expression vectors can also include nucleotide sequences 
encoding a secretory sequence that directs the heterologous 
polypeptide into the secretory pathWay of a host cell. For 
example, an expression vector may comprise a nucleotide 
sequence that encodes TACI-immunoglobulin and a secretory 
sequence derived from any secreted gene. As discussed 
above, one suitable signal sequence is a tPA signal sequence. 
An exemplary tPA signal sequence is provided by SEQ ID 
NO:25. Another suitable signal sequence is a murine 26-10 
VH signal sequence. The murine 26-10 antibody is described, 
for example, by Near et al., Mol. Immunol. 27:901 (1990). 
Illustrative amino acid and nucleotide sequences of a murine 
26-10VH signal sequence are provided by SEQ ID NO:61 and 
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SEQ ID NO:65, respectively. SEQ ID NO:62 discloses the 
amino acid sequence of a TACI-Fc5 fusion protein that com 
prises a murine 26-10VH signal sequence. 

TACI-immunoglobulin proteins of the present invention 
may be expressed in mammalian cells. Examples of suitable 
mammalian host cells include African green monkey kidney 
cells (Vero; ATCC CRL 1587), human embryonic kidney 
cells (293-HEK; ATCC CRL 1573), baby hamster kidney 
cells (BHK-21, BHK-570; ATCC CRL 8544, ATCC CRL 
10314), canine kidney cells (MDCK; ATCC CCL 34), Chi 
nese hamster ovary cells (CHO-K1; ATCC CCL61; CHO 
DG44 (Chasin et al., Som. Cell. Molec. Genet. 12:555, 
1986)), rat pituitary cells (GHl; ATCC CCL82), HeLa S3 
cells (ATCC CCL2.2), rat hepatoma cells (H-4-II-E; ATCC 
CRL 1548) SV40-transformed monkey kidney cells (COS-1; 
ATCC CRL 1650) and murine embryonic cells (NIH-3T3; 
ATCC CRL 1658). 

For a mammalian host, the transcriptional and translational 
regulatory signals may be derived from viral sources, such as 
adenovirus, bovine papilloma virus, simian virus, or the like, 
in Which the regulatory signals are associated With a particu 
lar gene Which has a high level of expression. Suitable tran 
scriptional and translational regulatory sequences also can be 
obtained from mammalian genes, such as actin, collagen, 
myosin, and metallothionein genes. 

Transcriptional regulatory sequences include a promoter 
region su?icient to direct the initiation of RNA synthesis. 
Suitable eukaryotic promoters include the promoter of the 
mouse metallothionein I gene (Hamer et al., J. Molec. Appl. 
Genet. 1:273 (1982)), the TK promoter of Herpes virus 
(McKnight, Cell 31:355 (1982)), the SV40 early promoter 
(Benoist et al., Nature 2902304 (1981)), the Rous sarcoma 
virus promoter (Gorman et al., Proc. Nat’l Acad. Sci. USA 
79:6777 (1982)), the cytomegalovirus promoter (Foecking et 
al., Gene 45:101 (1980)), and the mouse mammary tumor 
virus promoter (see, generally, Etcheverry, “Expression of 
Engineered Proteins in Mammalian Cell Culture,” in Protein 
Engineering: Principles and Practice, Cleland et al. (eds.), 
pages 163-181 (John Wiley & Sons, Inc. 1996)). One useful 
combination of a promoter and enhancer is provided by a 
myeloproliferative sarcoma virus promoter and a human 
cytomegalovirus enhancer. 

Alternatively, a prokaryotic promoter, such as the bacte 
riophage T3 RNA polymerase promoter, can be used to con 
trol production of TACI-immunoglobulin proteins in mam 
malian cells if the prokaryotic promoter is regulated by a 
eukaryotic promoter (Zhou et al., Mol. Cell. Biol. 10:4529 
(1990), and Kaufman et al., Nucl. Acids Res. 19:4485 (1991)). 
An expression vector can be introduced into host cells 

using a variety of standard techniques including calcium 
phosphate transfection, liposome-mediated transfection, 
microprojectile-mediated delivery, electroporation, and the 
like. The transfected cells can be selected and propagated to 
provide recombinant host cells that comprise the expression 
vector stably integrated in the host cell genome. Techniques 
for introducing vectors into eukaryotic cells and techniques 
for selecting such stable transformants using a dominant 
selectable marker are described, for example, by Ausubel 
(1995) and by Murray (ed.), Gene Transfer and Expression 
Protocols (Humana Press 1991). 

For example, one suitable selectable marker is a gene that 
provides resistance to the antibiotic neomycin. In this case, 
selection is carried out in the presence of a neomycin-type 
drug, such as G-418 or the like. Selection systems can also be 
used to increase the expression level of the gene of interest, a 
process referred to as “ampli?cation.” Ampli?cation is car 
ried out by culturing transfectants in the presence of a loW 
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level of the selective agent and then increasing the amount of 
selective agent to select for cells that produce high levels of 
the products of the introduced genes. A suitable ampli?able 
selectable marker is dihydrofolate reductase, Which confers 
resistance to methotrexate. Other drug resistance genes (e. g., 
hygromycin resistance, multi-drug resistance, puromycin 
acetyltransferase) can also be used. Alternatively, markers 
that introduce an altered phenotype, such as green ?uorescent 
protein, or cell surface proteins such as CD4, CD8, Class I 
MHC, placental alkaline phosphatase may be used to sort 
transfected cells from untransfected cells by such means as 
FACS sorting or magnetic bead separation technology. 

TACI-immunoglobulin polypeptides can also be produced 
by cultured mammalian cells using a viral delivery system. 
Exemplary viruses for this purpose include adenovirus, her 
pesvirus, vaccinia virus and adeno-associated virus (AAV). 

Adenovirus, a double-stranded DNA virus, is currently the 
best studied gene transfer vector for delivery of heterologous 
nucleic acid (for a revieW, see Becker et al., Meth. Cell Biol. 
43: 161 (1994), and Douglas and Curiel, Science & Medicine 
4:44 (1997)). Advantages of the adenovirus system include 
the accommodation of relatively large DNA inserts, the abil 
ity to groW to high-titer, the ability to infect a broad range of 
mammalian cell types, and ?exibility that alloWs use With a 
large number of available vectors containing different pro 
moters. 

By deleting portions of the adenovirus genome, larger 
inserts (up to 7 kb) of heterologous DNA can be accommo 
dated. These inserts can be incorporated into the viral DNA 
by direct ligation or by homologous recombination With a 
co-transfected plasmid. An option is to delete the essential E1 
gene from the viral vector, Which results in the inability to 
replicate unless the E1 gene is provided by the host cell. 
Adenovirus vector-infected human 293 cells (ATCC Nos. 
CRL-1573, 45504, 45505), for example, can be groWn as 
adherent cells or in suspension culture at relatively high cell 
density to produce signi?cant amounts of protein (see Gamier 
et al., Cytotechnol. 

15:145 (1994)). 
Those of skill in the art can devise suitable expression 

vectors for producing the fusion proteins described herein 
With mammalian cells. Example 4 describes features of one 
expression vector. As another example, an expression vector 
can comprise a bicistronic expression cassette that includes a 
portion of the human cytomegalovirus enhancer, the myelo 
proliferative sarcoma virus promoter, a nucleotide sequence 
encoding a fusion protein, the poliovirus internal ribosomal 
entry sites, a nucleotide sequence encoding murine dihydro 
folate reductase, folloWed by the SV40 poly A addition 
sequence. The nucleotide sequence of SEQ ID NO:69 shoWs 
a cytomegalovirus enhancer/myeloproliferative sarcoma 
virus LTR promoter construct, in Which the cytomegalovirus 
enhancer extends from nucleotide 1 to 407. The myeloprolif 
erative sarcoma virus LTR promoter, absent the negative con 
trol region extends from nucleotide 408 to nucleotide 884 of 
SEQ ID NO:69. A nucleotide sequence for the myeloprolif 
erative sarcoma virus LTR promoter Without the negative 
control region is provided in SEQ ID NO:70. 
Example 1 describes an expression vector that comprises a 

cytomegalovirus promoter to direct the expression of the 
recombinant protein transgene, an immunoglobulin intron, 
and a tissue plasminogen activator signal sequence. One suit 
able immunoglobulin intron is a murine 26-10 VH intron. 
SEQ ID NO:66 provides an illustrative nucleotide sequence 
of a murine 26-10 VH intron. An expression vector may also 
include a 5' untranslated region (UTR) located upstream of 
the nucleotide sequence that encodes a TACI-immunoglobu 
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lin protein. A suitable 5'-UTR can be derived from the murine 
26-10 VH gene. SEQ ID NO:63 discloses the nucleotide 
sequence of a useful native murine 26-10 VH 5'-UTR, while 
SEQ ID NO:64 shows the nucleotide sequence of a murine 
26-10 VH 5'-UTR, which has been optimized at the 3' end. 
As an illustration, SEQ ID NO:67 provides a nucleotide 

sequence that includes the following elements: a native 
murine 26-10 VH 5'-UTR (nucleotides 1 to 51), a murine 
26-10 VH signal sequence (nucleotides 52 to 97, and 182 to 
192), a murine 26-10 VH intron (nucleotides 98 to 181), a 
nucleotide sequence that encodes a TACI moiety (nucleotides 
193 to 435), and a nucleotide sequence that encodes an Fc5 
moiety (nucleotides 436 to 1 131). The nucleotide sequence of 
SEQ ID NO:68 differs from SEQ ID NO:67 due to the 
replacement of an optimiZed murine 26-10 VH 5'-UTR 
(nucleotides 1 to 51) for the native sequence. 

TACI-immunoglobulin proteins can also be expressed in 
other higher eukaryotic cells, such as avian, fungal, insect, 
yeast, or plant cells. The baculovirus system provides an 
e?icient means to introduce cloned genes into insect cells. 
Suitable expression vectors are based upon the Autographa 
californica multiple nuclear polyhedrosis virus (AcMNPV), 
and contain well-known promoters such as Drosophila heat 
shock protein (hsp) 70 promoter, Autographa californica 
nuclear polyhedrosis virus immediate-early gene promoter 
(ie-1) and the delayed early 39K promoter, baculovirus p10 
promoter, and the Drosophila metallothionein promoter. A 
second method of making recombinant baculovirus utiliZes a 
transposon-based system described by Luckow (Luckow, et 
al., J. Vli’Ol. 67:4566 (1993)). This system, which utiliZes 
transfer vectors, is sold in the BAC-to-BAC kit (Life Tech 
nologies, Rockville, Md.). This system utilizes a transfer 
vector, PFASTBAC (Life Technologies) containing a Tn7 
transposon to move the DNA encoding the TACI-immuno 
globulin polypeptide into a baculovirus genome maintained 
in E. coli as a large plasmid called a “bacmid.” See, Hill 
Perkins and Possee, J. Gen. Vli’Ol. 71 :971 (1990), Bonning, et 
al., J. Gen. Vli’Ol. 75: 1551 (1994), and ChaZenbalk, and Rapo 
port, J. Biol. Chem. 270:1543 (1995). In addition, transfer 
vectors can include an in-frame fusion with DNA encoding an 
epitope tag at the C- or N-terminus of the expressed TACI 
immunoglobulin polypeptide, for example, a Glu-Glu 
epitope tag (Grussenmeyer et al., Proc. Nat ’l Acad. Sci. 
82:7952 (1985)). Using a technique known in the art, a trans 
fer vector containing a nucleotide sequence that encodes a 
TACI-immunoglobulin protein is transformed into E. coli, 
and screened for bacmids, which contain an interrupted lacZ 
gene indicative of recombinant baculovirus. The bacmid 
DNA containing the recombinant baculovirus genome is then 
isolated using common techniques. 

The illustrative PFASTBAC vector can be modi?ed to a 
considerable degree. For example, the polyhedrin promoter 
can be removed and substituted with the baculovirus basic 
protein promoter (also known as Pcor, p69 or MP promoter) 
which is expressed earlier in the baculovirus infection, and 
has been shown to be advantageous for expressing secreted 
proteins (see, for example, Hill-Perkins and Possee, J. Gen. 
Vli’Ol. 71:971 (1990), Bonning, et al., J. Gen. Virol. 75:1551 
(1994), and ChaZenbalk and Rapoport, J. Biol. Chem. 270: 
1543 (1995). In such transfer vector constructs, a short or long 
version of the basic protein promoter can be used. Moreover, 
transfer vectors can be constructed, with secretory signal 
sequences derived from insect proteins. For example, a secre 
tory signal sequence from Ecdysteroid Glucosyltransferase 
(EGT), honey bee Melittin (Invitrogen Corporation; Carls 
bad, Calif.), or baculovirus gp67 (PharMingen: San Diego, 
Calif.) can be used in such constructs. 
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The recombinant virus or bacmid is used to transfect host 

cells. Suitable insect host cells include cell lines derived from 
IPLB-Sf-21, a Spodopterafrugiperda pupal ovarian cell line, 
such as Sf9 (ATCC CRL 1711), Sf21AE, and Sf21 (Invitro 
gen Corporation; San Diego, Calif.), as well as Drosophila 
Schneider-2 cells, and the HIGH FIVEO cell line (Invitrogen) 
derived from Trichoplusia ni (U .S. Pat. No. 5,300,435). Com 
mercially available serum-free media can be used to grow and 
to maintain the cells. Suitable media are Sf900 IITM (Life 
Technologies) or ESF 921TM (Expression Systems) for the 
Sf9 cells; and Ex-cellO405TM (JRH Biosciences, Lenexa, 
Kans.) or Express FiveOTM (Life Technologies) for the T ni 
cells. When recombinant virus is used, the cells are typically 
grown up from an inoculation density of approximately 2-5>< 
105 cells to a density of 1-2><106 cells at which time a recom 
binant viral stock is added at a multiplicity of infection (MOI) 
of 0.1 to 10, more typically near 3. 

Established techniques for producing recombinant pro 
teins in baculovirus systems are provided by Bailey et al., 
“Manipulation of Baculovirus Vectors,” in Methods in 
Molecular Biology, Volume 7: Gene Transfer andExpression 
Protocols, Murray (ed.), pages 147-168 (The Humana Press, 
Inc. 1991), by Patel et al., “The baculovirus expression sys 
tem,” in DNA Cloning 2: Expression Systems, 2nd Edition, 
Glover et al. (eds.), pages 205-244 (Oxford University Press 
1995), by Ausubel (1995) at pages 16-37 to 16-57, by Rich 
ardson (ed.), Baculovirus Expression Protocols (The 
Humana Press, Inc. 1995), and by Lucknow, “Insect Cell 
Expression Technology,” in Protein Engineering: Principles 
and Practice, Cleland et al. (eds.), pages 183-218 (John 
Wiley & Sons, Inc. 1996). 

Fungal cells, including yeast cells, can also be used to 
express the genes described herein.Yeast species of particular 
interest in this regard include Saccharomyces cerevisiae, 
Pichia pastoris, and Pichia methanolica. Suitable promoters 
for expression in yeast include promoters from GALl (galac 
tose), PGK (phosphoglycerate kinase), ADH (alcohol dehy 
drogenase),AOX1 (alcohol oxidase), HIS4 (histidinol dehy 
drogenase), and the like. Many yeast cloning vectors have 
been designed and are readily available. A vector can be 
designed to generate constructs utiliZing the necessary ele 
ments to carry out homologous recombination in yeast (see, 
for example, Raymond et al., BioTechniques 26:134 (1999)). 
For example, such an expression vector can include URA3 
and CEN-ARS (autonomously replicating sequence) 
sequences required for selection and replication in S. cerevi 
siae. Other suitable vectors include YIp-based vectors, such 
as YIp5, YRp vectors, such as YRp17, YEp vectors such as 
YEp13 and YCp vectors, such as YCp19. Methods for trans 
forming S. cerevisiae cells with exogenous DNA and produc 
ing recombinant polypeptides from these cells are disclosed 
by, for example, Kawasaki, US. Pat. No. 4,599,311, 
Kawasaki et al., US. Pat. No. 4,931,373, Brake, US. Pat. No. 
4,870,008, Welch et al., US. Pat. No. 5,037,743, and Murray 
et al., US. Pat. No. 4,845,075. Transformed cells are selected 
by phenotype determined by the selectable marker, com 
monly drug resistance or the ability to grow in the absence of 
a particular nutrient (e.g., leucine). A suitable vector system 
for use in Saccharomyces cerevisiae is the POT1 vector sys 
tem disclosed by Kawasaki et al. (US. Pat. No. 4,931,373), 
which allows transformed cells to be selected by growth in 
glucose-containing media. Additional suitable promoters and 
terminators for use in yeast include those from glycolytic 
enZyme genes (see, e.g., Kawasaki, US. Pat. No. 4,599,311, 
Kingsman et al., US. Pat. No. 4,615,974, and Bitter, US. Pat. 












































































































